; the parameters are varied for LaOFeP according to the different pnictogen height parameters given in [14] . The dashed horizontal lines denote the Fermi level for the undoped compound. The electronic structure looks very similar in both systems. The major difference is the d X 2 −Y 2 dominated band crossing the Fermi level in (a), but not in (b).
After two years of intense research in the new iron-based superconductors (pnictides) [1] , the symmetry of the order parameter is still far from settled. Theoretically, the current opinion converged on an s ± order parameter that changes sign between the electron (e) and hole (h) pockets, which comes out of both strong and weak-coupling pictures of the iron-based superconductors originating from inter-pocket pair hopping [2] [3] [4] [5] [6] [7] [8] . The method of choice in the intermediately correlated pnictides is likely the functional renormalization group (FRG), which systematically takes into account the competing ordering tendencies in the system [8] [9] [10] [11] [12] [13] . Previous FRG work gives anisotropic gaps around the e-pockets which, at their smallest value, are close to but do not cross zero [9] . The experimental situation appears such that in pnictides such as LaOFeAs, a majority of experiments point to the existence of nodeless isotropic gaps [15, 16] on the hole (h) Fermi surface (FS) and also nodeless gaps on the electron (e) FS, albeit with a larger gap-anisotropy [17] [18] [19] [20] [21] [22] . In contrast, in LaOFeP, a clear majority of experiments are in favor of a nodal gap behavior on the epockets [23, 24] . This difference is even more puzzling, since both materials display similar e-and h-pockets at X-and Γ-points (see Fig. 1 ) [25] .
In this article, we offer an explanation for the difference between the order parameter character in the As and P-based compounds. Using FRG on a 5-band model of the pnictides with orbital interactions, we find that the gap on the e-pockets can undergo a nodal transition if the h-pocket at (π, π) (M) is absent. On the basis of RPA calculations, Kuroki et al. [14] already argued that the appearance of the FS around (π, π) in the unfolded BZ is sensitive to the pnictogen height measured from the Fe plane and may drive a nodal or a nodeless pairing. In contrast to the FRG, however, the RPA assumes right from the outset a magnetically driven SDW-type of pairing interaction. In the FRG, one starts from the "bare" many-body interaction (Eq. 2 below) in the Hamiltonian and the pairing is dynamically generated by systematically integrating out the high-energy degrees of freedom including all important fluctuations on equal footing. In the RPA-calculation the competition between nodal s ± -wave and d-wave pairing is rather subtle and the B 1g d-wave solution can win over the nodal s ± -wave for the LaFePO system (Fig. 16a of [14] ). This is not what experiments reflect and what we find in the FRG: here the s ± -results (even varying them in a rather wide regime) are very robust. We demonstrate below that they can be understood from a general "orthogonality" principle: In the SC state, the SC pair state has to be "orthogonal" to the repulsive part of the interaction, i.e., putting the e-pairs in an anisotropic wave function [26] . Specifically, in the pnictides, the repulsive interaction connects the FS pockets around Γ-, X-and, if present, also M -points. Though repulsive in the singlet channel, the corresponding contributions yield strong pairing provided the gap function on the two sets of FS have opposite sign. We show in this Letter that the generalization of the original s ± -state argument [3, 5] acting between Γ-and Xpockets, is also at work for the cases considered here, and explains the propensity to a nodal or nodeless SC gap.
We use a two-dimensional tight-binding model [5] to describe the 1111-type pnictides:
Here c's denote electron annihilation operators, a, b the five Fe d-orbitals, and s the spin indices. While the main electronic structure of P-based and As-based compounds is very similar, there are certain important differences. Fig. 1 shows the band structure of LaOFeAs and LaOFeP, where the latter is obtained by adjusting the parameters in [5] according to the changed pnictogen height from As to P [14] . In the vicinity of the Fermi surface, the most notable difference is the presence or absence of a broad
, in agreement with ARPES data. To account for this difference, we use a 5 pocket scenario for the As-based and a 4 pocket scenario for the P-based compounds. We, thus, choose to compare and analyze two generic cases, with or without the h-pocket at M as corresponding to the As-based 1111 (122) and the P-based compounds, respectively. The interactions in the orbital model are given by:
where n i,as denote density operators at site i of spin s in orbital a. We consider intra-and inter-orbital interactions U 1 and U 2 as well as Hund's coupling J H and pair hopping J pair . In what follows, a physical interaction setting is chosen dominated by intra-orbital coupling, U 1 > U 2 > J H ∼ J pair , taking U 1 = 3.5eV, U 2 = 2.0eV, J H = J pair = 0.7eV [9] . In terms of interaction scale ratios, this choice roughly corresponds to interaction parameters obtained by constrained RPA ab initio calculations [27] . Below, we comment on the dependence of the SC form factor on the full parameter space. Using FRG [9-11, 28, 29] , we study how the renormalized interaction described by the 4-point function (4PF) evolves under integrating high energy fermionic modes:
where the flow parameter is the IR cutoff Λ approaching the Fermi surface, and with k 1 to k 4 the incoming and outgoing momenta, and n 1 to n 4 the band index. Due to the spin rotational invariance of interactions, we constrain ourselves to the S z = 0 subspace of incoming momenta k 1 , k 2 (and outgoing k 3 , k 4 ) and generate the singlet and triplet channel by symmetrization and antisymmetrization of the 4PF V Λ [28] . The starting conditions are given by the bandwidth serving as an UV cutoff, with the bare initial interactions for the 4PF. The diverging channels of the 4PF under the flow to the Fermi surface signal the nature of the instability, and the corresponding Λ c serves as an upper bound for the transition temperature T c . For a given instability characterized by some order parameterÔ k (the most important example of which is the SC instabilityÔ SC k = c k c −k in our case), the 4PF in the particular ordering channel can be written as Fig. 2b by dashed arrows. c) Pair scattering and, in particular, e-e intra-orbital processes between different e-pockets become important (orbital weights of the pockets are shown in f1)-f2)). d) The orbital decomposition matrix of the SC instability shows a large dXZ,Y Z and less relevant d X 2 −Y 2 contribution. e) Flow of leading instability eigenvalues (notation as in Fig. 2e) ; nodal s ± is favored; the SDW is comparably weak. The divergence scale Λc ≈ 0.002eV is smaller than in Fig. 2 .
Accordingly, the 4PF in the Cooper channel can be decomposed into different eigenmode contributions
, where i is a symmetry decomposition index ordered such that i = 1 labels the leading order, i.e. the leading instability of the SC channel corresponds to the eigenvalue c SC 1 (Λ) first diverging under the flow of Λ. f SC,i (k) is the SC form factor of pairing mode i revealing the SC pairing symmetry and hence gap structure associated with it. In FRG, from the final Cooper channel 4PFs, this quantity is computed along the discretized Fermi surfaces (leading instability form factors are plotted in Fig. 2a and 3a) .
As-based compounds: For the As-based setting (Fig. 2) , we find that the s ± instability, giving rise to different gap signs on h-versus e-pockets, is the leading instability of the model at moderate doping. The setup resembles the situation studied in [9] , which, as an additional check, we also studied with a more detailed tight-binding structure beyond 5th next-nearest neighbors [5] . We also find a nodeless s ± SC leading instability. In addition, we can identify the h-pocket at M to play a major role in contributing to the fully gapped s-wave and to a sign-change from h-to e-pockets (Fig. 2) . In particular, we study the orbital content in detail and analyze how the pairing instability distributes over the different orbitals (Fig. 2d) . For this, we consider the 4PF in orbital space,
where the u's denote the different orbital components of the band vectors.
The matrix shown in Fig. 2d gives the leading eigenvalue contributions of
e. in the Cooper channel of (3) where constrain ourselves to the dominant processes of Cooper pairs from the same orbital (a, a) → (b, b). As above, we decompose it into different form factor contributions i c
, where the leading eigenvalues at Λ c for the different (a, b) are given in Fig. 2d and 3d . Intra-orbital scatterings between the d xz (or d yz ) orbitals-dominated parts of the e-and Γ h-pockets are most important (Fig. 2) . They favor an s ± SC instability, as was also found in [9] . However, the leading eigenvalue in the As-scenario comes from the diagonal part of the d X 2 −Y 2 orbital. Pointing in the direction of the Γ ↔ X path, the e-pocket has a high concentration of the d X 2 −Y 2 orbital. This part of the e-pocket then scatters strongly with the h-pocket at the M -point, which is dominated by the d X 2 −Y 2 orbital band. The intra-orbital repulsion related to the latter scattering prefers again an s ± -type pairing between the h-pocket at M and the epockets, which reinforces the already present s ± between the Γ h-pockets and the X (X ′ ) e-pockets. With the assumption, generally accepted, that U 1 is the dominant interaction, the three h-pockets display a gap of identical sign: the two Γ-pockets which are not nested with each other have the same gap sign, and are of different orbital content than the h-pocket at M. However, the e-pockets contain contributions from all three relevant d orbitals. Therefore, the e-pockets scatter strongly through U 1 with all three h-pockets, which enhances the s ± character of the gap. So, in summary of the As-scenario, the general "orthogonality principle" of having the SC pair state orthogonal to the repulsive interaction induced by the presence of the additional M-pocket further increases the s ± -gap between e-and h-pockets. The h-pocket at M is also responsible for the strong SDW signal (Fig. 2e) , as the nesting wave-vector M ↔ X is the same as Γ ↔ X. Below, for the P-based compounds, we will indeed see that the absence of this pocket weakens the SDW.
P-based compounds: Here, the physical picture changes even qualitatively. As shown in Fig. 3 , we find a nodal s ± scenario for the P-based compounds, with lower critical divergence scale Λ c ∼ T c and less SDW-type fluctuations. The absence of the M h-pocket removes the intraorbital scattering to the electron pockets. This gives way to previously subleading scattering channels such as, in particular, e-e scattering between the d X 2 −Y 2 -dominated parts of the e-pockets, but also pair hopping from the hpockets at Γ to the e-pockets. The former acts between the k-points of the gap function on the e-pockets given by the peaks and the valleys (red arrow in Fig. 3a) increasing the anisotropy and eventually giving them different signs, thus creating a nodal state, explained again by the "orthogonality requirement".
As another step to substantiate our conclusions, we performed a large sweep in parameter space to resolve the evolution of the SC form factor upon variation of interaction parameters. For the validity of the scenarios above, we find it essential for U 1 to be the leading energy scale. Increasing U 1 /U 2 gives better matching with our theory, and we find the condition U 1 /U 2 > 1.3. Within physically relevant parameters, U 1 /J H > 4, Hund's coupling does not change the essential structure of the SC form factor. J pair is a sensitive interaction parameter for the P-based compounds. We find that the nodal SC form factor is valid for the parameter regime U 1 /J pair > 4. Below, the interplay with the e-e scattering, driven by U 1 , yields an SC form factor with reduced nodal propensity.
From the ab initio data stated before, we get U 1 /U 2 ≈ 1.5, U 1 /J H = U 1 /J pair ≈ 6.5. As such, the parameter regime where the As-based and P-based compounds reside lies in the regime of applicability of our theory. The properties following from there are all consistent with experiment: in the P-based compounds, we find (i) a lower divergence scale and hence lower critical temperature compared to As-based compounds, (ii) significantly enhanced low energy density of states in the (hence nodal) superconducting phase, and (iii) reduced SDW type fluctuations, which, even at pronounced nesting, are insufficient to drive the system to a leading magnetic SDW instability [23] [24] [25] . The absence of the hole pocket at M also manifests itself in the orbital decomposition of the pairing instability Fig. 3d : The diagonal contribution of d X 2 −Y 2 , in comparison to d XZ,Y Z , is reduced. We hence find a correspondence with experiment that applies for the evidence both from SC and SDW ordering.
In summary, we find that the broad band at the unfolded M point plays the major role in explaining the drastic change of SC properties from the As-based to the P-based 1111 compounds, rendering the former nodeless and the latter nodal. The nodes that appear in the Pbased compounds are driven by anisotropy of the pair wave function due to the orthogonality requirement of the pair state with respect to the repulsive interactions.
